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Abstract 
Many researches have been done for pedestrian groups with 2 to 4 members. However, the features of Complex Social Groups 
(CSGs) with 5 members or more are still almost unknown. In this paper, multi-pattern of CSGs in spatial pattern, intra-group 
structure and private space of is discovered. It is found that groups with 2 or 3 members exist commonly in CSGs with good 
stability and make the basic units (cellular groups) of CSGs. On the basis of the concept of private space, how cellular groups 
compose CSGs and form the multi-pattern of CSGs are discussed. 
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1. Introduction 
The recent interest in studying human crowd dynamics gradually turned from individual behavior to group 
behavior, mainly inspired by the fact that a large proportion of people in crowd (even up to 70% in commercial 
streets (Moussaïd et al. (2010)) walk in group. The existing studies investigated the spatial patterns, moving 
trajectories, walking speed (Guo et al. (2012); Bandini et al. (2013); Gorrini et al. (2013)) and private space (Zou et 
al. (2011)) of small groups. And some important phenomena of group walking behavior have been revealed as 
follows: (1) group members tend to walk in a line perpendicular to the walking direction at low density, however, as 
the density increases, the linear walking formation turns into a V-like pattern (Moussaïd et al. (2010)); (2) groups 
need to maintain spatial cohesion among members for social interactions and communication (Köster et al. (2011); 
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Knowles (1973)); and (3) intra-group structure among group members is an important factor in group behaviors 
(Santos et al. (2004)).  
To our knowledge, almost all the previous studies about pedestrian groups were focused on small groups with 2 
to 4 members, and the characteristics of larger pedestrian groups have not been empirically studied so far. In 
particular, the spatial pattern, intra-group structure and private space of larger social groups are unknown. However, 
according to our investigation from the year of 2013 till now, larger social groups with 5 members or more exist 
commonly in some public places especially on campus. Approximately 11.1% of the pedestrians walk in 5-member 
groups and 11.3% walk in groups with more than 5 members. Larger groups may have great impact on crowd 
dynamics. 
In this work, we identify complex social groups with 5 members or more on the basis of verbal and nonverbal 
communication (e.g., visual contact, body orientation, gesture) among members (Costa (2010)). The population was 
chosen with young students on campus and we obtained plentiful motion data of walking complex social groups 
with both field observations and laboratory experiments under low and moderate density conditions. Field 
observation is the best way to get real data, but it is difficult to select appropriate locations where videos can be 
taken with valid vision angle and the space is large enough for pedestrians to walk freely. Besides, it will take too 
much time to get enough samples for complex social groups in real pedestrian flow. So laboratory pedestrian 
experiments should be launched to obtain enough data of complex social groups and several scenes should be set to 
study different aspect of group behavior. We adopted many measures in setting appropriate experimental plans and 
conditions to make the experiments reliable. 
On the basis of data analysis of both observations and experiments, four essential aspects on intra-group structure 
of complex social groups are discussed: (1) the multi-pattern of spatial distribution of group members, (2) the 
existence of stable basic-unit groups with 1-3 members of complex social groups, (3) the measurement and 
calculation of private space of complex social groups, (4) and how the complex social groups are composed with 
basic-unit groups. 
2. Field observations and data analysis 
2.1. Observation description 
Several field observations were performed on 2nd to 6th June 2013 (each day from 5 pm to 6:30 pm) at Xintiandi 
Plaza (see Fig.1a), Tongji Univ. (Shanghai, China). During those periods, a large number of pedestrians passed by 
this area for purposes of dining, shopping and entertainment, which represented an ideal setting for capturing group 
behaviors. In order to achieve satisfying results, the video-taking location was chosen on the second floor (about 6 
meters in height). Additionally, four spatial reference points were set, with the distances between each point 
carefully measured, for the post-processing of video-images considering the inclined perspective of the images. 
Finally, such barriers as chairs, stone seats, flowerpots were removed beforehand in order to provide a free flow 
environment for observation. 
 
 
Fig. 1. (a) An overview of Xintiandi Plaza; (b) An overview of “10,000 Steps Marching”. 
Besides, we also took a field observation on campus of Tongji University on 27th May 2014 (from 9 am to 9:30 
am), during which time there was an event called “10,000 Steps Marching” (see Fig. 1b). This event provided us a 
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great opportunity to observe the real crowd, because there were thousands of students walking around the campus in 
free flow. In order to achieve satisfying results, the video-taking location was chosen on the third floor of one 
teaching building (about 10 meters in height). The walking routes had been set and cleared in advance, so there were 
no obvious obstacles. 
2.2. Xintiandi Plaza observation data analysis 
In the field observations taken in Xintiandi Plaza, we observed 3263 people, among which 1003 people were 
walking in groups with more than 2 members. As shown in Fig. 2, there were 42 complex social groups with more 
than 5 members (accounted for 3.2%) and 67 groups with 5-members (5.0%). We found that there were three stable 
spatial patterns for 5-member groups: U-like pattern (8 groups, accounted for 11.9% among all 5-member groups), 
3-2 pattern (3 persons in the front and 2 in the back, 22 groups, 32.8%), and 2-3 pattern (3 persons in the front and 2 
in the back, 32 groups, 47.8%). The rest 5 groups were ignored due to their unstable spatial patterns and complicated 
movements. 
 
 
Fig. 2. (a) Proportion of groups (Xintiandi Plaza); (b) Proportion of pattern for 5-member groups (Xintiandi Plaza). M is the abbreviation of 
member. 
2.3. “10,000 Steps Marching” observation data analysis 
In this observation, we observed 1571 people, among which 1462 people were walking in groups with more than 
2 members. As shown in Fig. 3, there were 4.6% of the groups with more than 5 members (11.1% of the population) 
and 5.9% with 5-members (11.3% of the population). The proportion of groups of different sizes was shown in Fig. 
3a. It was found by member communication analysis that all the complex social groups could be divided into sub 
groups with 1-4 members and individuals. By counting the number of sub groups inside the complex groups (see Fig. 
3b), we found that 2-member and 3-member sub groups were most common in all size of complex croups.  
 
 
Fig. 3. (a) Proportion of groups (“10,000 Steps Marching”); (b) Proportion of cellular groups (“10,000 Steps Marching”). MG is the abbreviation 
of member group. MCG is the abbreviation of member cellular group. 
Based on the data collected from field observations, we put forward a hypothesis: 2-member groups and 3-
member groups have high stability and could be the basic units (the cellular group) of larger groups, while the latter 
(the complex group) could be composed of these cellular groups and have multiple structures (various combinations 
of cellular groups) and spatial patterns. In order to verify the hypothesis, we designed laboratory pedestrian 
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experiments. Given that 5-member groups accounted more than half of complex social groups, we decided to take 5-
member groups with its three stable spatial patterns (U-like pattern, 3-2 pattern and 2-3 pattern) as the research 
objects in the experiments. 
3. Laboratory experiments and data analysis 
3.1. Experiment description 
Three laboratory pedestrian experiments were performed on 30th March 2014 and 2nd June 2014 both from 3pm 
to 5pm at Jiren Building (see Fig. 4), Tongji Univ. (Shanghai, China). 25 students of Tongji University, aged from 
20 to 22 years old, were participated in the pedestrian experiments. The sample was composed of 19 males and 6 
females. The differences of age and gender were not considered in the experiments. The video-taking requirements 
were the same as those of field observations: the video-taking location was chosen on the third floor (about 10 
meters in height) and spatial reference points were set for the post-processing of video-images. 
x Free flow experiment: the target of this experiment is to study the relative positions of each member in the same 
group. The video shooting area is 6 meters in width and 10 meters in length, which ensures that groups can walk 
freely and avoid deformation. 5-member groups are allowed to walk into the video shooting area in U-like pattern, 
3-2 pattern or 2-3 pattern. For the first pattern, we repeated the experiment with different people for 12 times; for 
the latter two patterns, 6 times for each. Moreover, we repeated it 12 times for 3-member groups and 4-member 
groups. 
x Gradient channel width experiment: the target of this experiment is to test whether 3-2 pattern, and 2-3 pattern 
are stable spatial patterns for 5-member groups. We set a gradient channel as following: 5 meters in width for the 
entrance, 1.5 meters in width for the exit, and 10 meters in length. 5-member groups are asked to enter the 
channel in U-like pattern. As the width gradually narrows, the U-like pattern is forced to compress and break 
down. After exiting the channel, the group will return to a certain spatial pattern. The video shooting area is a 10-
meter long, 6-meter wide area from the exit of the channel, so that we can observe the spatial patterns after 
compression. In order to get enough data, we did 50 times of this experiment. 
x Private space experiment: the target of this experiment is to verify the hypothesis that 2-member groups and 3-
member groups are the cellular groups, which make up the larger group. To do this, we establish a new method 
called Circle-Distance, which can intuitively present the boundary of a group’s private space. The procedure is as 
following: group A walks (in a certain pattern) to the center of the camera and stop. Group B approaches (in the 
same pattern) group A walking straight ahead from a distance of 6 meters, and then makes three circles around 
Group A. During the procedure, every member of group A and group B should feel comfortable, and there should 
not be any collisions. This experiment was repeated 12 times respectively for 3-2 pattern and 2-3 pattern. For U-
like pattern, 18 experiments were done. Moreover, we did 12 times of this experiment for 3-member and 4-
member groups. 
 
 
Fig. 4. (a) Free flow experiment; (b) gradient channel width experiment; (c) private space experiment. 
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In order to make the experiments more consistent with the reality, we always chose 5 familiar people as a group. 
Before walking, groups were asked to talk about some interesting topics as usual, so that they would have social 
interactions and communications as the groups in reality. And a warm-up channel (about 10 meters in length) before 
the video shooting area was set to ensure the group patterns to be stable. 
3.2. Post-processing 
All the videos were taken with SONY HDR-PJ580E cameras. In order to avoid data redundancy and keep data 
consistency, we took a screenshot every 5 frames (0.2 second), and filtered the pictures according to the following 
requirements: the selected pictures should contain the whole procedure of a certain group entering and exiting the 
video shooting area in a stable pattern. When turning the video-image into video coordinate system, we defined the 
location of the person by the midpoint of his feet attachment. Then, by using perspective transformation method, we 
transformed the video coordinate system into rectangular plane coordinate system in batches according to the four 
spatial reference points. 
3.3. Consistency test of pedestrian experiment 
In order to verify whether the experiments are consistent with reality, the data of 3-4 member groups obtained 
from field observations and pedestrian experiments were compared according to the intra-group structure, given that 
the data of 3-4 member groups were more sufficient and easy to get. 
Firstly, the coordinate system should be transformed. We defined the moving direction as from the group’s 
centre of gravity at the previous moment to its centre of gravity at the next moment. Defining the group’s centre of 
gravity at the previous moment as the origin, the moving direction as Y-axis, the new rectangular plane coordinate 
system was established. Secondly, the new coordinates of group members at all the moments could be easily 
calculated frame by frame and put together in the same coordinate system. Thirdly, mixed all the coordinates data of 
the same size groups, then the spatial pattern and intra-group structure of the groups could be discovered. We 
divided the coordinate system into grids of 4cm*4cm, and assigned a value to each grid according to the amount of 
coordinate data inside it. Therefore, each grid had a value representing the probability of being stepped on by group 
members (see Fig. 5). Some grids (value of 1) should be removed for the decrease of errors due to randomness.  
 
 
Fig. 5. (a) Surface diagram of 3-member groups (field observation); (b) surface diagram of 3-member groups (pedestrian experiment); (c) surface 
diagram of 4-member groups (field observation); (d) surface diagram of 4-member groups (pedestrian experiment). 
For every spatial pattern, we took the average of the coordinates of each member. Then the intra-group structures 
were obtained (see Fig. 6). By comparing the intra-group structure, we found that the results of pedestrian 
experiments basically agreed with those of field observations. As a result, we consider the psychological states, 
relationship between members and movement behaviours in pedestrian experiments are consistent with field 
observations, that is to say, the pedestrian experiments are feasible for studying the feature of groups and the spatial 
pattern and intra-group structure of 5-member groups can be studied with the same experiments. 
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Fig. 6. (a) Intra-group structure of 3-member groups (field observation); (b) Intra-group structure of 3-member groups (pedestrian experiment); (c) 
Intra-group structure of 4-member groups (field observation); (d) Intra-group structure of 4-member groups (pedestrian experiment). 
4. Results 
4.1. Multiple intra-group structures and spatial patterns of complex social groups 
According to field observations, Table 1 shows the relationships among group members of different spatial 
patterns of the groups. It means that complex social groups really have multiple intra-group structures and spatial 
patterns. This feature is called multi-pattern of complex social groups. 
 Table 1. Relationships among group members of complex social groups. 
 Two sub groups Three sub groups Four sub groups Five sub groups 
5-member groups 2-3, 2/3, 3/2, 1/4 2-2-1, 2/2\1, 2-2/1, 
1/3/1, 1/2/2 
  
6-member groups 3-3, 3/3, 2/4 2/2-2, 2-2/2, 2-2-2, 
2/3/1, 1-3-2, 1/2/3 
1/2-2/1, 1/2/2/1  
7-member groups  1-3-3, 2/2/3, 3/2-2,  
3/3-1, 2-3/2 
2-1-2-2, 2/2-1/2, 
2/2-2/1, 2-2/2/1, 
1/2/3\\1 
 
8-member groups  2-2/4 1\3-3/1, 2/2-3/1, 
1/2/2/3, 1/2/3/2, 
3/2-1/2 
 
9-member groups  2/3/4  3/2-2/1-1 
* each number represents a sub group and the amount of its members; “X-Y” represents the two sub groups it linked are adjacent in a row; 
“X/Y” represents the two sub groups are adjacent and A is in front of B; “X\Y” represents the two sub groups are adjacent and B is in front of A. 
 
The geometrical features of intra-group structures of 5-member groups were studied by the experiments. 
Applying the same analysis method as in 3.3, we obtained the relative position of 5-member groups (see Fig. 7) 
using the data of free flow experiment. 
 
 
Fig. 7. (a) Surface diagram of U-like pattern; (b) Surface diagram of 2-3 pattern; (c) Surface diagram of 3-2 pattern. 
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For every spatial pattern, we took the average of the coordinates of each member. Then the intra-group structures 
of 5-member groups were obtained (see Fig. 8). 
 
 
Fig. 8. (a) Intra-group structure of U-like pattern; (b) Intra-group structure of 2-3 pattern; (c) Intra-group structure of 3-2 pattern. 
4.2. The existence of cellular groups  
Among the 50 times of gradient channel width experiments, 34 groups presented a 2-3 pattern (68%), 12 groups 
presented a 3-2 pattern (24%), and only 4 groups presented an irregular pattern (8%) when exiting the channel and 
none of them reverted to the original U-like pattern. By using the same data processing method described in 3.3, we 
obtained the intra-group structures of 5-member groups (see Fig. 9), which was similar to the results of free flow 
experiment both in spatial distribution and scale. It is clear that 5-member groups tend to form 3-2 pattern or 2-3 
pattern after compression and will keep 3-2 pattern or 2-3 pattern stably when walking freely. Hence, the conclusion 
is that these two spatial patterns are stable for 5-member groups. 
 
 
Fig. 9. (a) Intra-group structure of 2-3 pattern after compression; (b) intra-group structure of 3-2 pattern after compression. 
Since 2-member and 3-member sub groups exist commonly in complex social groups (as shown in Fig. 9) and 3-
2 pattern and 2-3 pattern are stable structures of 5-member groups, it is confirmed that cellular groups exist in 
complex social groups and 2-member and 3-member sub groups are cellular groups.  
4.3. Private space of groups and the composing of complex social groups with cellular groups 
With the data from private space experiments, the relationship between the cellular groups can be studied. For 
every spatial pattern, by outlaying the coordinates of each member, we obtained the trajectory of group B (the group 
circling around) and the position of group A (the group being circled around). Then, the blank space around group A 
could be defined as its private space. It is clear that the private spaces of 3-member groups, 4-member groups, and 
5-member groups are nearly elliptical (see the red elliptical area in Fig. 10, define the direction of movement as X-
axis), so it is possible to use an ellipse to approximately describe the private space. Then the major axis and minor 
axis can be measured (see Table 2). 
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.  
Fig. 10. (a) Private space of 3-member groups; (b) Private space of 4-member groups; (c) Private space of U-like pattern 5-member groups; (d) 
Private space of 2-3 pattern 5-member groups; (e) Private space of 3-2 pattern 5-member groups. 
Table 2. Size of private space 
 2-member group 3-member group 4-member group 5-member group U-like pattern 2-3 pattern 3-2 pattern 
Major axis 
(cm) 143.0 178.4 238.0 298.4 223.9 228.6 
Minor axis 
(cm) 132.0 143.3 154.5 165.8 198.9 219.9 
 
The spatial pattern scale of 3-member cellular groups is similar to that of independent 3-member groups, and the 
spatial pattern scale of 2-member cellular groups is similar to that of independent 2-member groups, which is found 
by comparing the intra-group structures of 5-member groups (3-2 pattern, and 2-3 pattern) and that of 2-member 
groups and 3-member groups (studied in Zou et al. (2011)). Thus the private spaces of cellular groups are 
approximately the same as the independent groups in the same size. 
As Fig. 11 shows, the solid line ellipses represent the private space of cellular groups and the dashed line ellipses 
represent the private space of the 5-member groups. There is an intersection between each pair of cellular groups, 
which means that social interactions always exist between cellular groups and the interactions push the cellular 
groups closer. Although the relative position of cellular groups is changeable, the private space of 5-member groups 
almost covers the private spaces of cellular groups. This is the way that cellular groups composing complex social 
groups and forming the multi-pattern of the groups. 
  
 
Fig. 11. (a) Relationship between cellular groups of U-like pattern; (b) Relationship between cellular groups of 2-3 pattern; (c) Relationship 
between cellular groups of 3-2 pattern. 
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5. Discussion 
Through field observation and pedestrian experiments, we found the existence of cellular groups, which led to the 
multi-pattern of complex social pedestrian groups. Groups of different spatial patterns differ in space occupation and 
movement feature, which have various impacts on individuals and other groups, thus making the crowd dynamics 
more complex. 
This paper only studied the basic spatial pattern of 5-member groups. The movement feature of different spatial 
patterns, the influence of groups on the crowd should be further studied, so as to improve the science of crowd 
dynamics. The Further studies in the future are: 
 
x To build a dynamic geometric model for pedestrian groups. This paper only studied the static spatial pattern of 
the 5-member group. The regulation of groups’ separation, aggregation and avoidance behavior should be 
obtained and studied. 
x To collect more data in high density crowds. In the paper, all samples were in low density crowds and free 
flow. More data in high density crowds should be collected and analyzed to describe the spatial pattern under 
compression. 
x To develop a set of group-level simulation models. After discussing the spatial patterns, movement procedures 
and group behaviors, a set of group-level simulation models and group simulation techniques can be 
developed. It will make contributions to the organization of pedestrian flow in normal situations as well as the 
evacuation of crowds under emergencies by supplying theoretical guidance and technical support. 
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